The ICF syndrome is a rare disorder where patients show undercondensation of the heterochromatic blocks of chromosomes 1, 9, and 16 along with variable immunodeficiency. The undercondensation of the heterochromatic block appears to be restricted to a portion of PHA stimulated T cells. Patients with this syndrome also show an increase in micronuclei formation. We have used dual colour FISH to investigate the chromosomal content of these micronuclei in PHA stimulated peripheral blood cultures, an EBV transformed B cell line, and also micronuclei observed in vivo from peripheral blood smears.
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Chromosome 1 appears to be present in a higher proportion of micronuclei compared to chromosomes 9 and 16 in both a PHA stimulated culture and an EBV transformed cell line. An 18 centromeric probe, not associated with the ICF syndrome, showed no signal in any of the micronuclei observed.
The implications from these observations are that the heterochromatic instability in the ICF syndrome is manifested not only in T but also in B cells and that it is present in vivo.
The phenomenon of micronuclei formation has been widely used to detect the genotoxic effects of environmental mutagens' and infectious agents,2 although high spontaneous levels are also known to exist in patients with chromosome breakage disorders. 34 Their presence is generally taken as evidence of the occurrence of chromosome fragments, spindle failure, lagging chromosomes, or a failure of a chromosome to align on the spindle.' Micronuclei are therefore thought to be present in cells that have undergone at least one nuclear division after the induction of chromosome damage. 6 Although the content of micronuclei has previously been investigated (for example, antikinetochore antibodies4 7) , only limited information is available on their content and ultrastructure. It is only with the recent advent of fluorescence in situ hybridisation (FISH), which enables a more precise investigation of the DNA content of micronuclei,-'0 that a more thorough analysis is possible.
Our interest in investigating micronuclei follows the observation that patients with the ICF syndrome (Immunodeficiency, Centromeric instability, and Facial anomalies) show an increase in the formation of micronuclei," '-13 as do other chromosome breakage disorders.34
The ICF syndrome is an extremely rare disorder, with only approximately 14 cases reported worldwide. '3 It has previously been reported that the chromatin instability in the ICF syndrome is present primarily on chromosome 1, and to a lesser extent on chromosomes 16 and 9, and appears as a decondensation of the heterochromatic regions of these chromosomes resulting in a "stretching" of the chromosomes at these regions.'4-'7 Multibranched forms of both chromosomes 1 and 16 have also been observed. [14] [15] [16] [17] [18] [19] [20] Stretching and branching of these chromosomes is normally seen only in PHA stimulated T lymphocytes, is rarely seen in any other cell type,2' and may involve abnormal methylation of classical satellite DNA2122 as a contributing factor.
The observation of chromosome 1 abnormalities in ICF patients led us to speculate that the increased formation of micronuclei in these patients may be because of this chromosome lagging in the cell cycle and therefore becoming excluded as a micronucleus.
We have used an extension of "interphase cytogenetics" to investigate the chromosomal content Slides were denatured through an ethanol series (70, 85, and 100% ethanol), air dried, and warmed to 370C. A total of 10 jil of hybridisation fluid (7 p1 50% formamide, 2 x SSC, 10% dextran sulphate solution, 2 ,l dH2O, 1 p1 labelled PCR product), also prewarmed to 370C, was added to the marked area of the slide and a coverslip placed over the hybridisation mix to ensure even distribution. The edges of the coverslip were sealed with rubber solution to prevent evaporation. Denaturation of the probe and cells was performed simultaneously by placing the slides on a hot block, preset to 76°C, for five minutes. Slides were quickly returned to 370C and incubated in the dark overnight.
Slides were washed through 50% formamide/ 2 x SSC (3 x), 2 x SSC (1 x), and 4 x SSC/ 0-05% Tween (1 x), all at 45°C, and 4 x SSC/ 0 05% Tween (1 x) at room temperature (five minutes each) before counterstaining with 0-7 ,tg/ml propidium iodide in Vectashield antifade solution (Vector Labs). Hybridisation signals were observed using a Nikon Labophot-2 fluorescence microscope with filter sets UV2A (AMCA) and B IA (FITC). Chromoprobe 18TM was hybridised according to the manufacturer's protocol.
Results

IN SITU HYBRIDISATIONS ON METAPHASE CHROMOSOMES
Three hundred and three randomly selected metaphases from PHA stimulated peripheral blood lymphocytes were examined for the characteristic "stretching" and "branching" of the chromosome regions lqh, 9qh, and 16qh in ICFMB. Of the cells examined, 92 (30%) showed elongation of the heterochromatic block of chromosome 1 ( fig 1A) , with seven cells (2%) also showing multibranching ( fig  1B) . Fig 1C shows a multibranched and fragmented chromosome 1 within the same metaphase. Three cells (1%) showed stretching of the heterochromatic region of chromosome 16 and one cell showed a multibranched chromosome 16. Although the probe pMR9A detects alphoid sequences, no stretching or branching of chromosome 9qh was observed in this patient. No stretching or branching of the heterochromatic regions ofchromosomes 1, 9, or 16 were observed in five normal controls.
No metaphase spreads were obtained from any cultures using pokeweed mitogen to stimulate B cell division.
Three hundred and sixty two metaphase chromosomes were also examined in an LCL from patient ICFMK. No abnormalities in the heterochromatic regions of chromosomes 1, 9, or 16 were observed in this patient, or in three normal control cell lines. IN Interestingly, in lymphocytes from the same patient fixed at anaphase, large metacentric chromosomes were observed which were "lagging" behind the remaining chromosomes ( fig  2) . This phenomenon was not observed in control cultures. only in the main nucleus. Lymphoblastoid cell lines Table 2 summarises the data obtained from an LCL established from patient ICFMK. The number of micronuclei observed/1000 cells is high (3 6%) compared to three normal control lines (0-4%, 05%, and 0-8% for Con A, B, and C respectively) (X2l = 161, p<000 1). The number of micronuclei present in all LCLs, whether ICF or controls, is higher than the numbers observed in PHA stimulated lymphocytes (table 1) . However, the number of micronuclei observed in the LCL ICFMK is not significantly higher than those in the nontransformed cells (ICFMB) (X21 = 4-84, p = 0 05-0 02), whereas in the control LCLs there is a significant increase in the number of micronuclei compared to non-transformed cells (X2l=37-76, p<O0OOl).
Of the 6500 cells observed following FISH, 237 micronuclei were counted. Of these micronuclei, 20% (47 Mn) showed a signal for chromosome lqh, none showed a signal for chromosome 9 and 3% (seven Mn) showed a signal for chromosome 16qh. Seventy seven percent (183 Mn) showed no hybridisation signal. Of these micronuclei showing a hybridisation signal, a significant proportion contained a signal for 1 qh (X21 = 46-7, p<0001) compared to 16qh (X21=6-7, p= 0-01-0 005) and chromosome 9, which was significantly under-represented (X2l = 18, p<0001). As with PHA stimulated blood cultures, micronuclei containing more than one signal were also observed although, like ICFMB, the number was low (two Mn, both showing signals for lqh and 16qh). Fig 3C shows a micronucleus (from ICFMK) with signals for both chromosomes 1 qh and 16qh, even though the main nucleus contains two signals each for these chromosomes.
In the control cell lines, the majority of micronuclei contained no signal (81%, 92%, and 90% for Con A, B, and C respectively) (table 2) which was not significantly different from the numbers observed in the LCL ICFMK (77%) (X21 =1l30 p=0 3-02). Unlike nontransformed cells, the three control LCLs showed a small number of micronuclei with signals for lqh (Con C 5% (two Mn)), 9 (Con A 14% (three Mn)), and 16qh (Con A 5% (one Mn), Con B 8% (three Mn), and Con C 5% (two Mn)).
An 18 centromeric probe gave no signal in 50 extra micronuclei examined in both ICFMK The numbers of micronuclei with signals for chromosomes 9 or 16 were significantly lower than those for chromosome 1, but the abnormalities observed in metaphases was also lower. It is possible that the chromosome 9 abnormalities observed in metaphases are artificially low as the probe used was alphoid specific and therefore did not detect less obvious decondensations of 9qh. The presence of chromosome 9 shows that this probe does detect exclusion of this chromosome into micronuclei. Signals for chromosomes 9 and 16 were, however, still higher than the number of micronuclei observed with signals for 18 centromere, suggesting that those chromosomes showing an abnormality in the heterochromatic regions are more likely to be excluded into micronuclei.
Interestingly, a recent paper by Guttenbach and Schmid29 noted that 5-azacytidine treated cultures also show an increase in the frequency of micronuclei, and that these predominantly contain signals for the heterochromatic regions of chromosomes 1, 9, 16, 15, and Y. 5-azacytidine induces characteristic undercondensation in the late replicating heterochromatic regions30 by hypomethylation of incorporated cytidine analogues. The same pattern of hypomethylation is also noted in heterochromatic DNA from patients with the ICF syndrome.2' 22 It therefore appears that the heterochromatic abnormalities induced by 5- 34 35 Mechanisms involved in B cell transformation may destabilise the cell in such a way that the formation of micronuclei is increased, as seen in the control LCLs. Since ICF cells already appear to "predispose" to the formation of micronuclei, it is possible that there would be no significant increase in the number of micronuclei following EBV transformation, and that a significant number of micronuclei retain a signal for lqh. This "predisposition" to the formation of micronuclei may be slightly enhanced by the transformation process, resulting in an increase in micronuclei with no hybridisation signal, similar to the levels observed in control LCLs, yet still retaining the high levels of micronuclei with a signal for 1 It would be of interest to determine whether micronuclei formed in the ICF syndrome occur only in a particular subset of T or B cells and how this relates to the observed immunodeficiency in these patients.
ICF is a very rare disorder and therefore it was not possible to investigate all aspects together in one patient in this study. The observations here, however, do show the importance of the content of the micronuclei in relation to the chromosome structure. By investigating other disorders with an increased spontaneous frequency of micronuclei, it may be possible to elucidate problems observed at the cellular level with their micronuclei content. 
